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Effects of phosphate fertilizer reduction on phosphorus accumulation and
yield of winter wheat after maize straw returning
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Abstract: The research aimed to explore the rational proportion of phosphorus in straw to replace chemical phosphor-
us after the maize straw returned to the field, so as to provide theoretical foundation for rational use of phosphate fertilizer
after the maize straw incorporation. The effects of recommended fertilization and phosphorus reduced by 10%, 20% and
30% on phosphorus absorption and accumulation, grain yield and nutrient utilization efficiency of winter wheat under maize

straw incorporation condition were investigated through a

two-year field experiment. The results showed that, in

Y fm H H#3:2020-12- 14
HETE . [{5E A0 I H (2018YFDOS00301 ) ; [515% [ SR BH 2019 and 2020, the content of available phosphorus in soil

FEATR H (41877099) 3 241045 T HRHE B 19 ( 1803071188) decreased first and then increased with the extension of the
YEEBN AR (1995-) , B, LRI W54, R H wheat growth period, and the net input of phosphorus in
FeAr AR APISE . (E-mail) 1612146732@ qq.com soil declined with the decrease of phosphorus fertilizer ad-

BiIEE 40, (E-mail ) gaochongjian2@ 163.com dition. In 2019 and 2020, compared with the recommen-
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ded phosphate fertilizer treatment (P100) , the treatment of reducing phosphate fertilizer by 20% (P80) increased the total
phosphorus accumulation in wheat plants of mature period by 43.11% and 22.42% , increased the wheat yield by 7.68% and
4.90% under the condition of returning maize straw to field. Compared with those in the recommended phosphate fertilizer
treatment (P100) , the total accumulation of phosphorus in mature wheat plant increased by 5.55% and 6.75%, and the
wheat yield increased by 1.60% and 1.65% in the treatment of reducing the phosphorus fertilizer by 10% (P90) in 2019
and 2020, respectively. Compared with those in the recommended phosphate fertilizer treatment (P100) , the total accumu-
lation of phosphorus in mature wheat plant reduced by 8.11% and 9.07%, the wheat yield reduced by 5.44% and 10.89%
in the treatment of reducing the phosphorus fertilizer by 30% (P70) in 2019 and 2020, respectively. Compared with those
in the recommended phosphate fertilizer treatment (P100) , the agronomic efficiency of phosphorus fertilizer significantly
increased by 5.73%-39.87%, the partial productivity significantly increased by 20.07%-20.85% , and the phosphorus ab-
sorption and utilization rate significantly increased by 32.78%-42.11% (P<0.05) in the treatment of reducing the phos-
phate fertilizer by 20% (P80) under the condition of returning maize straw to field in 2019 and 2020, respectively. It can
be seen that the reduction of phosphate fertilizer within 20% after maize straw returning will not have obvious impact on the

yield of later wheat, and can improve the absorption and utilization efficiency of phosphate fertilizer to realize phosphate fer-

tilizer reduction and utilization efficiency increase.
Key words :
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Fig.1 Effects of phosphorus fertilizer reduction on soil available phosphorus content at different growth stages of wheat under the condition

of returning straw to the field
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Table 1 Effects of phosphorus fertilizer reduction on phosphorus content in wheat at different growth stages under the condition of returning

straw to the field

TR S A (g/ke)

RS (o/kg)

iR LR R GERLYiEE R

S I ﬁm g jf( jﬁi yégﬁ(*g/ﬁgi % - e Sanf il

2019 P100 221:0.13a  3.10£0.25ab  1.100.59a  0.72:0.1lab  2.19x0.25b  3.49£0.08b  3.59:0.04b
P90 2.02+0.45ab  3.32£0.14ab  1.31x0.03a  0.78£0.02ab  2.56x0.65a  3.97x0.07ab  4.18x0.27a
P80 1.65:0.08h  3.64x0.24a  1.59£0.05a  0.96x0.04a  2.60x1.48a  4.20:0.32a  4.31:0.63a
P70 1.56£0.13b  3.120.17ab  0.88+0.08b  0.65x0.03b  2.10£0.43b  3.48:0.12b  3.57x0.54b
CK 121026  2.41x0.35¢  0.86x0.03b  0.43x0.06¢ 1.470.0lc  3.00+0.09¢ 3.33+0.06b

2020 P100 2.85£1.03a  3.70+1.37a 3.53£0.08ab  3.61:0.08ab
P90 1.24:0.23b  3.52x1.07ab 3.81:0.08a  4.22:0.08a
P80 1.76+0.66b  3.93:1.63a 4.1240.08a  4.43:0.08a
P70 0.73:0.14c  2.52+1.04b 3.50+0.08ab  3.21x0.08b
CK 0.61£0.04c  2.30+0.55¢ 1.59£0.08c  2.31x0.08c

CK.P70.P80.P90.P100 WLIE 1 iF, [o]—4-03 [RIB B 5 vn A A R/ NG - RER 2R TE 0.05 /K225 235

2 2 AT LLE 11,2019 2020 4F , /NEANFIEE

W AR AL A R

K L)L P8O AP, CK

AbHEAR, 7E 2019 4F /N2 MR R & A
P80>P90>P100>P70>CK LA, CK 4L ¥ 5% P70
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0.05) ; 7F 2020 4F/NAZ B ) A AR ) AL /2 LA P8O
Ab PR R, H P8O ALHL S R PO Ab B A iy JH: Al Ak 34t
Z 25 W% (P<0.05) , 7F 20192020 4F /N 4k
T, A3 A B A R H ) AR R L — I

K2 BHTCTHSFHTHEREMFARETFHNEERESENFT

Fhimr, H¥ILL PO AP A 5, CK AL PRIERAIL, P& 2
6] f) 22 538 B 3 7K F (P<0.05) o 7E 2019 2020 4F
INFE AT, /N 2 R RR 25 + i e R B P8O>
P90>P100>P70>CK FYRLAE,

Table 2 Effects of phosphorus fertilizer reduction on nitrogen content in wheat at different growth stages under the condition of returning straw to

the field
e fhm E.’Eﬂﬁ%ﬁ }éﬁi#ﬂﬁ%ﬁ MEMA SR (g/ke) ARG E (g/ke)
ik (gkg) I (g/ke) % i i e i

2019 P100 17.36+3.54a 26.64+3.51a 7.84+1.46ab 19.87+0.98a 13.89+0.60a 26.01+0.08b 24.99+2.96ab
Po0 17.87+£2.80a 25.62+0.85ab  8.17+0.96ab 19.57+£0.60a 11.55+0.20b 29.99+0.07ab  21.33+0.93ab
P80 18.32+1.62a 30.24+1.20a  10.07+0.09a 19.20+0.30a 14.46+1.23a 36.98+0.32a 29.45+2.30a
P70 14.16+1.88ab  23.32+2.21ab  9.65+0.12a 13.48+1.36ab  12.86+0.94a 24.48+0.12b 20.55+6.88b
CK 13.32+0.87b 19.94+1.95b 7.45+2.39h 10.47+1.51b 12.09+0.83ab  17.53+0.09¢ 20.19+1.46b

2020 P100 24.61+5.59h 27.34+3.32a 29.98+1.24h 21.32+2.00a
P90 25.65+4.21ab  22.91+0.97ab 30.77+3.24ab  19.60+2.58ab
P80 33.41+4.38a 35.53+1.75a 41.32+2.47a 25.91£0.94a
P70 22.90+3.66h 26.82+9.21ab 25.52+1.24b 17.45+2.56h
CK 20.08+6.24h 19.54+4.24b 13.03+2.54¢ 10.19+1.86¢

CK P70 .,P80.P90 P100 WLI 1 Vi, [F—4F A A RALBLRIARA A Rl /NG FRERIRTE 0.05 KF 257 B3,

M52 3 Al LI 2019 ,2020 4F A [] 4 AR P&
S 2 R R L HESE 9 P8O (7. 84) >P100(7.19) >
P70(6.40)>P90(6.28)>CK(5.96)

*3 WTEBFGTEERER AN ERRBE R0
Table 3 Effects of phosphorus fertilizer reduction on the ratio of

nitrogen to phosphorus at mature stage of wheat under

the condition of returning straw to the field

A P100 P90 P80 P70 CK
2019 7.20 6.30 7.81 6.39 5.96
2020 7.18 6.27 7.86 6.40 5.95
S| 7.19 6.28 7.84 6.40 5.96

CK P70 .P80.P90 .P100 W& 1 7,

INERREERHBRRE

I 2 o] A 9 SRRl /N2 A 3 30 A 4
HETIZHTIG N, 75 2019 AF/NZE 435 W B RES , /1y
A R PR SRR R T 2%, 1 YR B R (L (1 bR
4.56~10.30 mg) . 1EA A F W, B R B E L
CK Ab PR AR , H W6 WAL LE ] i it 3 i 52 e
RGBS 1E 2019 4F/NAE T i R AR i
LA P90 Ab B iz iy , {HL 55 HEAD A B 7] G (8 35 25 7 5 T

2.3

FE 2020 /N2 T, B RARE LA P100 Ab B, &
CK AbPR[E] 25 5% .3 (P<0.05)

M 2 367 LUE H 7E 20192020 4F/NAE 3k 45
W], /N A RR i BAUE L) P8O Ab M, H S CK
AbFR R] 22 5 . 2E (P<0.05) , Al BE i T 24 il JIE ok
20%HF , /NAZ N I IR IS B A 22 | T B A AR IR
MR TEZHE, 75 20192020 4 U, /N2 FE PR
W BFE LA PO A i 57,2019 4F P8O Ab (1%
ZFH A 4> W) P100, P90, P70 Ab BE 5 43.05% .,
35. 53% 54. 65% ,2020 4F P80 Kb ¥ iy i B & 43 ]
I P100 P90 P70 AbFH S 30. 81% 22. 42% 42.71% .,
24 IMNEFESHABARE

2 4 TLAR 1, BR P70 AbFRAN 2020 4F HiAth b
PR /INZE P2 B 1 T 2019 4F . 2019 ,2020 4E A [A] b
PR/ NAE P24 52 P80>P90>P100>P70>CK YKL, LA
P8O A B Hdi e, CK AR B ) 7= B eI, PR =2 11)
FHFEE R (P<0.05) , 2019 4F , 76 A [l i AT ek 12 ik
PR BAE A TR I A A 2 380 AR A B IR A
FI R 5 P80>P90>P100>P70>CK AL, P8O 4b B
BRI AL ™ ) BRI TRk BRAE A 228 Itk
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Fig.2 Effects of phosphate fertilizer reduction under the condition of returning straw to the field on phosphorus accumulation of wheat at

different growth stages

x4 BHEEZFHTERBTTABRREIN/NESMBENANENZN

Table 4 Effects of phosphorus fertilizer reduction by returning corn stalks to the field on wheat yield and phosphorus utilization efficiency un-

der the condition of returning straw to the field

O fbh g WAL i A= 7 1 WAL STk R BRALARAROR AR ISR % Fr
(kg/kg) (%) (kg/kg) (%) (kg/hm?)

2019 P100 71.33+2.12ab 14.02+0.02a 9.13+2.12ab 14.13+0.01b 7 039.87+254.82b
P90 65.69+4.83ab 15.13+0.05a 11.46+4.83a 17.04+0.02ab 7 152.42+569.40ab
P80 86.20+2.87a 16.05+0.02a 12.77+2.87a 20.08+0.03a 7 580.67+240.79a
P70 61.84+5.93b 10.09+0.05a 8.04+5.93b 13.12+0.01b 6 656.83+£522.17¢
CK 0 0 0 0 2 656.18+184.49d

2020 P100 73.01£7.07ab 16.21£0.14a 12.91+10.44a 17.51£0.11a 7 254.23+373.32ab
P90 59.01+14.91¢ 15.78+0.22a 11.12+13.31ab 16.24+0.33ab 7 373.98+311.12a
P80 87.67+28.79%a 18.34+0.13a 13.65+5.01a 23.25+0.15a 7 609.41+278.13a
P70 62.11+11.44b 11.32+0.21a 10.63+2.63b 15.21£0.31b 6 464.33+118.32¢
CK 0 0 0 0 2 818.53x114.52d
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Table 5 Net phosphorus input in phosphate fertilizer reduced soil under the condition of wheat and corn rotation and returning straw to the

field
. s B(P,05) BARE (ke/hnt) PRI LA BB A N
TR BB REFFRRE R A (kg/hm”) (kg/hm”)
2019 P100 210 24.12 61.85 172.27
P90 189 25.95 62.19 152.76
P80 168 28.10 69.21 126.89
P70 147 22.45 50.43 119.02
CK 0 7.36 20.13 -
2020 P100 210 33.49 63.99 179.50
P90 189 37.01 64.45 161.56
P8O 168 40.36 73.65 134.71
P70 147 27.93 49.07 125.86
CK 0 4.21 20.02 -
CK P70 .,P80,P90 P100 L&l 1 7,
R 6 BHBERANMFHNINIBENRERE
Table 6 Straw phosphorus input and grain phosphorus accumulation
W iﬁiﬁ%ﬂi@qﬁﬂé\i EAFHE NERATEH AR EKFEFFBE ERRREEE DR EE
(kg/hm?) (kg/hm?) (kg/hm?) (kg/hm?) (kg/hm?) (kg/hm?)
2019  P100 6 243.85 8 021.51 5 138.59 0.99 4.56 3.49
P90 6 083.75 7 389.12 5 418.50 0.73 4.37 3.97
P80 6 196.77 8120.23 5376.36 0.89 4.50 4.20
P70 5595.74 6 750.23 5518.31 0.58 3.95 3.48
CK 4 957.41 5 756.23 2 287.57 0.10 1.96 3.00
2020  P100 6 744.00 7 925.65 6 068.00 1.79 4.77 3.53
P90 6 723.00 7 406.88 6 466.00 1.84 4.50 3.81
P80 6 950.00 8 287.34 6 389.00 2.02 4.82 4.12
P70 5 789.00 6 839.83 5 830.00 1.30 4.14 3.50
CK 492245 6 087.43 2279.13 0.12 2.22 1.59

CK P70 .P80.P90 . P100 W& 1 ¥,
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